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AMPLIFICATIQM nc ACQURTir. ftl llTAPe 

FIELD OF THE INVENTION 

The present Invention relates generally to electronic amplification of 
acoustic instrunnents. and in particular to the amplification or recording of string 
instruments such as acoustic guitars. It should be understood however that the 
invention is not restricted to this example application and is intended for broader 
application and use, 

BACKGROUND OF THE INVENTION 

An acoustic guitar includes a body or resonant cavity having (I) a front 
panel, often referred to as the face or soundboard, (ii) a back panel and (iii) side 
walls extending between the soundboard and back panel. A neck, carrying a 
finger board, projects from the body and strings are stretched between a "nuf at 
the head end of the finger board and a "saddle" supported by a bridge attached to 
the soundboard of the instrument. The strings oscillate, when plucked or 
strummed, between the nut and the saddle. 

In an acoustic guitar, these oscillations are transmitted mechanically as 
vibrations to the soundboard of the instrument, and hence to the resonant cavity. 
Including the back panel and side walls. These vibrations are then transmitted to 
the surrounding air. predominately by the soundboard of the Instrument but also 
by the back panel and side walls, and to some extent also by the strings directly. 

The tonal qualities of an acoustic guitar are thus determined by a 
combination of all of these factors. Reproduction or amplification of an acoustic 
guitar therefore presents particular difficulties because of the complex interactions 
between these factors. 

In the past, acoustic guitars have generally been recorded or amplified 
using piezoelectric sensore situated between the bridge and the saddle of the 
instrument. I.e. Immediately under the strings. Such systems will be referred to 
herein as "under saddle systems". The response achieved by under saddle 
systems is predominately the reproduction of vibrations of the strings according to 
how they are stretched between the nut and the saddle of the instrument, and of 
course the performance or playing of the Instrument. The overall structure of the 
Instrument effects the manner in which the strings vibrate and therefore the sound 
produced. Similar considerations thus apply to conventional "electrified" acoustic 
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guitars as apply to "electric" guitars, which may be solid and may not have a 
resonant cavity. 

For an acoustic guitar, however. It is the soundboard or face of the 
instrument, the back and then the sides that are predominantly heard 
-acoustically", I.e. without piezoelectric sensors or without power applied to them. 
These components of the resonant cavity vibrate in sympathy with the strings 
and. In tum, cause vibrations In the surrounding air. The sound or "character of 
the Instrument thus arises as a consequence of the construction of the 
Instrument. 

Since the piezoelectric sensors in under saddle systems are not In intimate 
contact with these other resonant components of the instrument, the vibrations of 
these other components are not reproduced to any significant extent. , 

Also, piezoelectric sensors that are commercially available, and used in 
most existing electronic amplification systems, are considered "metallic" in sound, 
are prone to emphasize the high frequencies and are consequently considered 
unrealistic In their sound reproduction, at least to some degree. Piezoelectric 
systems are thus not consistent with the "natural sound" (as heard acoustically), 
or at least the sound as recorded by means of a microphone placed in front of the 
instrument. 

Inevitably, any comparisons of amplification systems are of a highly non- 
specific or of a subjective nature: different guitars, studios, equipment, players 
and so on being Involved. 

The sound actually heard during an acoustic guitar performance is also 
dependent on the environment In which the instrument Is played as that 
environment has its own characteristic reverberation or reflections. 

Whilst most musicians and recording engineer agree that systems using 
piezoelectric sensors (to produce the initial electrical output) deliver a palatable 
result, or an aesthetic result, it Is a very different sound to that produced by the 
guitar when heard acoustically, or the sound recorded by a microphone placed in 
front of the Instrument. 

Using a microphone to amplify or record an acoustic guitar may produce a 
more realistic sound but this method of reproduction also has Inherent limitations, 
particularly In a real performance space. Sources of sound other than the 
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'ZZ 'T' ^ --^P-^ne and 

ampWied and/or recorded. This Is clearly undesirable 

sound irjn' ""^"^ ^ "^'^ -P'«-<^ 

tece Of the instrument However, such attempt have met with limited success 

under saddle systems. The sound of these systems Is different to that produced 
by under saddle systems but is no more convincing, 

in.u.,^7r'""' ' ' '^'"^ °' »Wch «celves 

input s,gna.s d„^fly from sensors placed in or on the instn^ment and uses these 

Zetr """" ^ "^'^ ''-^ -""^ p-ntiy":: 

Any discussion of documents, devices, acts or knowledge in this 
pec^atK,n ,s .nduded to explain the context of the invention, tt should no. be 
an ,3 an admission that any of the materia, ,om,ed part of the pHor art Z o 
me common general knowledge In the ralevan, art in Australia or any other 
country on or befom the priority date of the claims herein 
SUMMARY OF THE INVENTION 

The present inventor has found that lower frequencies of the audio 
spectmm, as heard by an observer within a perfom,ance space, are^o. 
rep-esented or reproduced by sense, attached to the soun^boaTIf T 
-nsth-ment. The inventor believes this may be because the lower ftequelt are 
generated over a large area of the instrument whilst soundboan. serZ^e 

has ound mat the lower frequencies ara dear and well represented by under 

Z dTT« *° '"^^ ' '"""^ <" eath 

d^ected to a deferent range of .raquencies, woukj mora accurately represent the 

instrument such as a guitar. 

The prasent Invention thus resides in a recognition that it is possible to use 
a comb^tK^n of senso. to detect differant parts of the audio frequency spJ^Z 
f~m d^feran. parts of an in^rument In one embodiment, lower fraquencies ara 
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taken from an under saddle sensor and higher frequencies are taken from a 

sensor srtuafed on the soundboa,.. or face Of the Instrument 

Off ,J^t T""^ «"*°d™ent by filtering, or "rolling 

Off «,e h,gher frequencies from the under saddle sensor(s) and, Lnve.! 

' r^rt '-"^ sensor L'tha. onje^ 

wh 1^ the soundboan^ sensor pr^uces the higher, or "top end", ftequeLs A 
^^le crossover clccu. may he employed to m« the t.o frequent ra^^ ^ 
produce a unifomi combined frequency response. 

One aspect of the invention accordingly provides a device for mixing the 
outputs of two sensors Including: mixing me 

a first input for receiving a signal f»m at least one first sensor 
a second input for receiving a signal from at least one second sensor 

.eio„:fi::fZnr " °' 
a-ve : st r " ^'"^ ~~ °' 

.h» H- ! """f *" "^"'"'"^ ^'^"^'^ P^==ed by the low pass filter and 
the high pass filter to fomi a combined output Signal 

and «J*" ""I r'"'""" ™' '^'^^^ "''^'"^ low pass filter 

and the second frequency may define the comer frequency of the high pass fZ 

^--ythe^foreexistacrossover between the inputslgnals from tf^flL!^ 

me two filters. The flrst and second comer fluencies are pieferably seZd ft 
provide a substantially unlfom, overall rosponse In the combined outputCl 

in one embodiment the device Indudes a control means for varylng'the 
ti^t frequency. I.e. the comer fi^uency of the low pass filter PreferZ h! 
™i,st f^quency has a minimum value substan«ally equal r^ !;: 
ft^uency. ..e. the comer f^quency of the high pass filer. The minimum value of 
*e first frequency is preferably set wHhln the range of 300 Hz to 800 H. and mo^ 
prefei^y at about 750 Hz, although any alternative frequency may be selelT 
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vary JLT ^ ^ «««n-,or ,or 

i .Z" r rr "'^'^ - 

In a preferred embodlmerrt, me corrt™, means simultaneously varies ,he 
^rs. frequency o. *e ^ pass flHer and varies me level of me signa pas^d by 
*e h«h pass filter. P«,e«b,y, me range of frequencies passed by me 

passed by me low pass filter is preferably reduced whilst me level of the sional 
passed by the high pass filter is increased ^ 

300 Hz to 900 Hz and most preferably at about 750 Hz, aMhough any alternative 
comer frequency may be selected any alternative 

Anomer aspect of me Invention pn,vides a pre-amplifier incorporating a 
mixing device as described above Surh «r^. ""poranng a 

h..ii. * pre-amplifier may be used wim or 

builtwimin, an acoustib guitar An under .u.Hrfi» »»u wnn, or 

>- yMiior. «n under saddle sensor may be connprtorf in n,« 

^rs. input Of me mWng dev^ and a second sensor attached to a b^to^ro 
^ gu^. such as me inside o, me soundboard of the guitar, may be c^nn^ 

«« ^nder saddle sensor and higher frequencies a,, taken from the soundboard 

under 1"^!" '^'^ °' """^ ^ '^'^ an 

under saddle sensor, a soundboard sensor and a p^-amplifier as descrtbed 

with n the resonant cavity of me guitar wim only a contK.1 knob or slider of t^e 
^ntrd means being visible. ,„ mis way. me guitar looks, externr Le an 
omer acousac gu«ar and me mustelan can cental me mb<. or propoJ;,^ of ml 
output signal scuroedfrom me undersaddte sensor and the soundb^^senr^ 

a fuller and even more realistic, sound, m mis embodiment an under saddle 
sensor ,s connected to me input of the mixing device, so as to repn^dTe me 



15 



20 



25 



30 



WO 2005/001811 

PCT/AU2004/0008S8 

6 

lower frequendea. and *«, ss„so«. a«ached .o ^ separate body portions o, 
IL *° °' -"-"9 ''-L so a ,t 

most realistic sound reproduction. 

sscondro.!?«r"°'' '"""^'"^ "^^'^ »-«n to .he 

much ,n .he same way as a oonvemional balance control Thus .h« 
PO.en.ome.or may de,em,ine U,e mix be.ween .he body sen^ whilh is .hi 
supplied .0 .he second inpu. of me mixing device 

emnlo'^"'" ' 3'^'"' """"^^ may also be 

employed in various comblnaSons. 

. The soundboard sensor used witt, .he piesen. Invemion may be of anv 

BRIEF DESCRIPTION OF THE DRAWINGS 

In the drawings: 
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DETAILED DESCRIPTION OF THE DRAWINGS 

Referring now to Figure 1, there is shown a system 10 for recording or 
amplifying a stringed Instrument such as an acoustic guitar 12. The system 
Includes a first input for an under saddle sensor 14 (which may be of a 
5 conventional type) connected to a buffer and pre-emphasis circuit 16. The circuit 
16 also provides, In this embodiment, power gain and low frequency filtering 
below about 60 Hz. The signal Is then fed to a variable frequency low pass filter 
18, the corner frequency of which is preferably variable between about 720 Hz 
and 10 kHz. The minimum corner frequency of the low pass filter corresponds to 

1 0 a fixed corner frequency of the high pass filter 24 described below. The output of 
the low pass filter 16 is then fed to a mixing circuit 20. 

The system also includes a second input for a soundboard sensor 22 
connected to a high pass filter 24. In this embodiment the high pass filter 24 also 
includes a buffer, power gain and pre-emphasis circuit. In this embodiment the 

1 5 high pass filter 24 has a fixed comer frequency of about 720 Hz, corresponding to 
the minimum comer frequency of the low pass filter 18. The lowest crossover 
frequency between the sensors 22.14 connected to the high pass filter 24 and low 
pass filter 18 is therefore 720 Hz in this Instance. When the corner frequency of 
the low pass filter 18 is Increased, the effective crossover frequency between the 

20 two sensors is increased. A passive treble roll-off filter 26 may also be provided 
to restrict the highest frequency passed to the mixer 20. 

A control means in the form of a dual gang potentiometer 28 is provided to 
control the blend of signals from the under saddle sensor 14 and soundboard 
sensor 22. The potentiometer may be of a rotary type or of a linear slider type, as 

25 is often used for electric guitar tone controls. In this instance, the dual gang 
potentiometer 28 includes two elements 28' and 28" to simultaneously control the 
comer frequency of the low pass filter 1 8 and the level of the signal from the high 
pass filter 24. 

The system shown In Figure 1 also Includes tone controls 30 Including 
30 bass, mid and treble controls, however tone controls optional. Similarly, a gain 
control 32 is shown in Figure 1 but, once again, this control is not essential. The 
output signal is then provided to an output jacl^ 34 which typically would be 
provided in a side wall of the guitar. 
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Details of the variable low pass filter 18 and fixed high pass filter 24 have 
been omitted from this description because It Is considered to be well within the 
ability of any reasonably skilled person In the art to construct these filters using 
conventional techniques based on the Infomiatlon provided in Figure 1 and the 
frequency response curves provided In Figure 2A to 2D. Similarly it is 
considered well within the ability of any reasonably skilled person in the art to 
construct a suitable mixer circuit 20 for combining the signals from the high pass 
and low pass filters. Thus, these circuits do not need to be described herein In 
detail. 

Turning now to Figures 2A to 2D, there are shown a number of frequency 
response curves with varying blends of signals provided by the under saddle 
sensor 14 and soundboa-d sensor 22. The cun^s are deHved from actual test 
results for a prototype unit and are not necessarily theoretically ideal. Further 
enhancement may be possible. 

Each figure Includes a first curve representing a signal 40 derived from the 
under saddle sensor 14 at the output of ti,e low pass filter 18. A second curve 
represents a signal 42 derived from the soundboard sensor 22 following the high 
pass filter 24 and attenuation via the potentiometer 28". A third curve represents 
the combined signal 44 produced at the output of the mixer 20. 

It can be seen that as the potentiometer 28 is panned from 0% (Figure 2A) 
to 50O/O (Figure 2B) the level of the signal 42 provided by the soundboard sensor 
22 increases. Further increases occur as the potentiometer 28 Is panned to 70% 
(Figure 2C) and then to 100% (Figure 2D). 

At the same time, the comer frequency of the low pass filter 18 Is gradually 
re^duced as one moves from pan = 0% (Rgure 2A) through to pan = 100% (Figure 

These actions occur simultaneously such that the output signal 44 is 
maintained at a constant level throughout the frequency range of interest (roughly 
70 Hz to 10 KHz ^ 

It must be appreciated that the crossover frequency Is arbitran^ and has 
presently been chosen by the Inventor to be around 720 to 750 Hz so as to 
produce what Is considered to be the most realistic or natural sound. Test results 
have shown that the prototype crossover function provides a level output within 
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*A0.5 dB wrthin .h« area of intereat (the pass band). *e qualifier being mat .he 
b end control ,s set to maximum soundboanl signal (pan = 100%). When the 
b end control Is set to maximise the signal from the under saddle sensor (pan = 
0 /o) the frequency response flat with only a residual signal being supplied by 

Z r, *^ "^-^ °' *^ being 

Tn! '™ """^^ '"''^'^ " 

. .s M a. the other extremKy (pan = 100% as shown In Figure 2D), the output 

signal compnses two equal level mixed signals: 

10 750 Hzt H ^^"^^ «"PP"«« Signals ranging from well below 

10 750 Hz to above 15 kHz, and 

b) the under saddle sensor provides the lower range signals, fram 
below 60 He to well above 750 Hz. a as, irom 

The ratio of these blended signals at the common frequencies 

blended frequency response. These roll^ cun«s are nominally 10 dB per 
oc^ for the soundboard sensor and 5.5 dB per octave for the under saddle 

extrem^ 'iT """" ""''^ '° ^ P"'"' two 

»0 '°" ""^^ *^ ""''^^ — ^«'«-'"es the 

rr I'T"""' ^ *° ^O- Conversely, the blend 

Regardless of the blend setting, other than at full soundboa^J blend the 

Th, H ^ °" ""^ potentiometer 28 used for 

the blend control. 

Although a prefened embodiment of the Invention has been described 
herein .n detail, it will be understood by those sklBed In the art that variations may 

0 TJZT r *^ ^P'* °^ ^ " ^ For 

ZTr "-e comer frequency of the high pass 

Z rr """"^ ^"^ " o, the low pass 

filter. Also. ,n th.s Instance, the level of the signal fnx„ tt,e high pass filter may be 



wo 2005/001811 PCT/AU2004/000858 

10 

fixed rather than variable, with blend control being achieved by simultaneous 
variation of the two filter comer frequencies 
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